ABSTRACT Background: During fetal and perinatal periods, many nutrients, such as long-chain polyunsaturated fatty acids [contained in fish oil (FO)] and folate, are important in achieving normal brain development. Several studies have shown the benefits of early nutrition on children's neurocognitive development. However, the evidence with regard to the attention system is scarce. Objectives: The aim of this study was to analyze the long-term effects of FO, 5-methyltetrahydrofolate (5-MTHF), or FO+5-MTHF prenatal supplementation on attention networks. Design: Participants were 136 children born to mothers from the NUHEAL (Nutraceuticals for a Healthy Life) project (randomly assigned to receive FO and/or 5-MTHF or placebo prenatal supplementation) who were recalled for a new examination 8.5 y later. The response conflict-resolution ability (using congruent and incongruent conditions)), alerting, and spatial orienting of attention were evaluated with behavioral measures (Attention Network Test), electroencephalography/event-related potentials (ERPs), and standardized low-resolution brain electromagnetic tomography (sLORETA). Results: Children born to mothers supplemented with 5-MTHF alone solved the response conflict more quickly than did the placebo and the FO+5-MTHF groups (all P , 0.05). Differences between ERP amplitudes for the conflict conditions were also observed. sLORETA analysis showed higher activation of the right midcingulate cortex for the incongruent condition. In addition, a significant slowing down of response speed depending on the warning cue in the 5-MTHF and FO groups was observed. Conclusions: Folate supplementation during pregnancy, rather than FO or FO+5-MTHF supplementation, improves children's ability to solve response conflicts. This advantage seems to be based on the higher activation of the midcingulate cortex, indicating that early nutrition influences the functionality of specific brain areas involved in executive functions. This trial was registered at clinicaltrials.gov as NCT01180933.
INTRODUCTION
The effect of prenatal nutrition on later brain and cognitive development is receiving increasing attention (1) . During fetal and neonatal periods, all nutrients are important for achieving normal development-in particular, B-group vitamins (2), longchain PUFAs (LC-PUFAs) 11 (3) , and folate (4) . There is a wealth of data that indicates that insufficient maternal nutrition leads to impairments in brain development, encompassing cell proliferation and maturation, and a decrease in growth factors, which may have long-term effects on cerebral structure and function (5) .
LC-PUFAs, especially docosahexaenoic acid (DHA, 22:6n-3) and arachidonic acid (AA; 20:4n26), have several influences on brain development (6) (7) (8) . They seem to affect membrane structure and function of neuron cell membranes, speed of signal transmission (9) , gene expression, ion channel regulation (10) , and neurogenesis (11) . Some randomized controlled trials (RCTs) that specifically addressed n-3 LC-PUFA supplementation during pregnancy and/or lactation persistently showed a direct doseresponse relation between DHA intake and mothers' DHA concentrations in plasma or erythrocyte phospholipids and brain development but have not consistently shown benefits on developmental outcomes in children (6, (12) (13) (14) (15) (16) (17) .
The published research about the potential positive effects of LC-PUFAs on the attention system is scarce. It has been reported that DHA supplementation in children is associated with an increase in dorsolateral prefrontal cortex activation (18) . Children's looking behavior and distractibility are related to maternal concentrations of DHA at delivery (19) , and fish consumption during pregnancy has been shown to have a protective effect against attention-deficit/hyperactivity disorder (20) . However, there is no clear evidence that shows a positive effect of DHA supplementation during pregnancy on the offspring's attention system (17) .
Folate also plays a crucial role in the prevention of neural tube defects (21) and in neurogenesis, apoptosis, and the normal development of the nervous system (22, 23) . Low folic acid intake is known to contribute to increased concentrations of plasma homocysteine, which are related to poor pregnancy outcomes (24) and to variations in the methylenetetrahydrofolate reductase (MTHFR) gene (25) . Low maternal folate concentrations during pregnancy are associated with behavioral problems during childhood (26) , an increased risk of attention deficits, reduced problem-solving ability (27) , and lower cognitive function, such as with reasoning or verbal fluency (28, 29) . However, the use of multivitamin-containing folic acid supplementation during pregnancy is not associated with any benefit to mental performance in children (30) .
The attention system represents a complex interaction of neural systems. Different authors (31, 32) have summarized the well-known attention network theory, which separates the attention system into 3 segregated networks: conflict (executive control), alerting, and orienting. The conflict network involves mechanisms for monitoring behavior and for resolving conflict among stimuli, thoughts, feelings, and responses. This network includes the basal ganglia, cingulate cortex, and the dorsolateral prefrontal cortex (33) (34) (35) . Simultaneous electroencephalography and fMRI recordings indicate that the activity of midfrontal and temporoparietal areas (36) underlies the processes involved in response conflict resolution (37) . Therefore, electroencephalography has been considered to be a valuable method for the assessment of the brain's functions that are linked to nutrition and higher cognitive functions (38) (39) (40) . "Alerting" involves arousal and vigilance; it is related to achieving and maintaining a state of being very sensitive to incoming stimuli combined with a readiness to react. The cerebral areas implicated in alerting tasks are the locus coeruleus, the parietal lobe, and the right frontal cortex (41) . Attentional "orienting" is associated with the processes of selecting information from sensory input and shifting attention between stimuli. The frontal eye fields, the superior colliculus, the temporal parietal junction, the superior parietal cortex, and the thalamus are considered their major nodes (42) .
The methodologic procedures to explore the attention system related to the effects of early supplementation are under discussion; most of the research used classical attention tests that do not provide a whole picture of the attention system state. Moreover, when the attention system has been the main target of research, only a subset of the attentive functions has been explored. In fact, no single study has simultaneously examined the 3 major attention networks (conflict resolution, orienting, and alerting), and no one used techniques designed to explore the specific critical window when early nutrition can affect the sophisticated brain events that mediate stimulus and response.
The present research aimed at determining the potential effect of LC-PUFA [contained in fish oil (FO)], folate [5-methyltetrahydrofolate (5-MTHF)], placebo or FO+5-MTHF supplements during pregnancy on the long-term development of the human attentional system in the offspring up to 8.5 y by using behavioral and event-related potential (ERP) measures. Thus, our research attempts to uncover the effects of maternal early supplementation on the executive, alerting, and orienting functions of the attention system by using behavioral and electrophysiologic recordings while the children performed the Attention Network Test.
METHODS

Study design
This is a follow-up study of the NUHEAL (Nutraceuticals for a Healthy Life) cohort, a multicenter, randomized, double-blind, 2 3 2 factorial placebo-controlled trial aimed at determining the longterm effects of LC-PUFAs and folate supplementation during the second half of pregnancy on several health and development outcomes in the offspring. A total of 312 pregnant women attending antenatal care clinics were recruited before the 20th week of pregnancy in 3 European centers (Germany, Spain, and Hungary); 270 women were followed up until they gave birth. Inclusion criteria were as follows: healthy, pregnant women, aged 18-40 y, with uncomplicated singleton pregnancies and a body weight between 50 and 92 kg at study entry. The women were not supplemented with FO from the beginning of their pregnancy or folate and/or vitamin B-12 supplements after the 16th week of gestation.
Details of the original sample in the NUHEAL study design have been reported elsewhere (43) . In short, pregnant women were randomly assigned to 1 of 4 supplementation groups. From the 20th week of pregnancy until delivery, women were supplemented with 1 sachet of a milk-based supplement/d (Blemil Plus Matter; Ordesa Laboratories S.L.) containing 1 of 4 formulas: 1) modified FO, providing 500 mg DHA + 150 mg EPA (Pronova Biocare); 2) 400 mg 5-MTHF (BASF); 3) FO+5-MTHF; or 4) placebo together with vitamins and minerals meeting the European recommendations for pregnant women in the second half of pregnancy. Detailed instructions were given on the label of each sachet, and sufficient supplement was provided at each visit to last until the next one or, in the last visit until delivery. Subjects were instructed to return leftover sachets to the study center. Compliance was assessed in standardized questionnaires at gestation week 30 and at delivery by asking each subject how many days of dosing she had missed (e.g., ,6, ,5, or none); mothers returned the sachets that were not consumed.
After delivery, women were encouraged to breastfeed their infants. Infants who required formula feeding because their mother did not (fully) breastfeed were provided with 2 different infant formulas; both of the formulas met the European legislative standards and were identical in all components with the exception of fatty acid composition. If the newborns were born to FO-supplemented women, they received an infant formula containing 0.5% of total fatty acids as DHA and 0.4% as AA, whereas children born to mothers in the placebo or 5-MTHF groups received a formula virtually free of DHA and AA during the first 6 mo of postnatal life.
Participants
Parents of the NUHEAL children were later reapproached and asked to participate in a new neurologic assessment when their child was 8.5 y. Several children were not included in the follow-up study for the following reasons: 4 children were born prematurely before the 35th week of pregnancy, 1 child was born with a congenital leftside anophthalmus, 1 child developed craniosynostosis, and another was reported to have left-side deafness. One hundred thirty-six children (23.5%, n = 32, from Ludwig-Maximilians-University of Munich, Germany; 70.6%, n = 96, from the University of Granada, Spain; and 5.9%, n = 8, from the University of Pécs, Hungary) accepted to participate in this follow-up assessment.
At 8.5 y we did not observed differences in the drop-out rates between intervention groups (P = 0.82). The main reasons for dropping out were relocation (n = 7), loss of contact (n = 75), and unwillingness to continue (n = 45). A total of 136 children were therefore included in the present study at 8.5 y. No differences were observed in sociodemographic variables (all P . 0.20) ( Table 1) . Parents of the participants reported similar family status, which included mother's and father's jobs, employment, career, cultural, and academic levels. In addition, the distribution of the MTHFR C677T polymorphisms was also similar between groups.
Data collection
Sociodemographic, clinical, and anthropometric data from mothers and their offspring were previously collected at the beginning of the study as well as for the children at the present evaluation time. Maternal blood samples were obtained by venipuncture at week 20 and 30 of pregnancy, at delivery, and from the umbilical cord.
Behavioral attentional scores were obtained from the child version of the Attention Network Test. Electroencephalography data were collected while participants performed the attention task. In the present report, primary outcome measures included behavioral scores (attention efficiency scores and errors) and ERP data collected during the performance of the Attention Network Test. Source localization analysis and neuroimaging were also performed.
The study protocol was approved by the human research ethics committees of all centers participating in the study. Written informed consent was obtained from all participants at study entry and at follow-up. The NUHEAL project is registered at www.clinicaltrials.gov (NCT01180933).
Biochemical data analysis
For the assessment of fatty acids in plasma phospholipids [AA, eicosapentaenoic acid (EPA, 20:5n-3), DHA, AA:DHA ratio, n-6 PUFAs, n-3 PUFAs, n-6:n-3 ratio, PUFAs .n-3, PUFAs .n-6], folate status (plasma and whole-blood folate), and homocysteine, 10 mL maternal venous blood was collected into EDTA tubes at study entry (week 20) and again at gestation week 30. At delivery, 12 mL maternal blood was collected into EDTA tubes in addition to 12 mL venous placental cord blood.
After blood centrifugation (3500 3 g for 10 min at room temperature within 2 h), plasma was obtained and stored at 2808C until analysis. Lipid extraction followed the Kolarovic and Fournier method (44) . Liquid chromatography with aminopropyl columns (Sep Pak cartridges; Water) were used for phospholipid isolation (45) .The isolated phospholipids were trans-esterifed by treatment with methanolic hydrochloric acid (46) . Results are expressed as percentages by weight (wt%) of total detected fatty acids.
A microbiologic assay with the use of a chloramphenicolresistant strain of Lactobacillus casei was performed for folate analysis as described previously (47) . Intra-and interassay CVs were ,11%. Results are expressed in microgrames per liter. The analysis of whole-blood folate was obtained by using a method adapted from the CDC ID-LC-MS/MS method (48, 49) . Results are expressed in nanomoles per liter. Total homocysteine analysis was performed by using the isotope dilution gas chromatography-mass spectrometry method (50) . Results are expressed in micromoles per liter. The full procedure of fatty acids and folate analysis can be found in Campoy et al. (13) .
Genetic analysis: MTHFR C677T polymorphism
Genomic DNA was prepared from blood samples from mothers and their offspring (umbilical cord) obtained at delivery. The methylenetetrahydrofolate reductase (MTHFR) 677C . T polymorphism was analyzed by polymerase chain reaction amplification, restriction enzyme digestion, and DNA fragment separation by electrophoresis. Allelic frequencies and genotype distributions were established in the mothers and their offspring (51).
The Attention Network Test
Electroencephalography, reaction times, and response accuracy were collected while participants performed the child version (52) of the Attention Network Test (53) . The test was designed to evaluate the 3 attention networks: executive, alerting, and orienting. In short, a target horizontal array of either 5 fish (a central target flanked on each side by 2 distractors) or a single fish was displayed above or below a central fixation cross. The target was preceded by 1 of 4 warning cues: a single central asterisk; a double asterisk above and below the fixation point; no asterisk; or a single spatial asterisk located at the same position as the incoming target. The child participant had to click a computer mouse indicating whether the central target fish pointed to the left or to the right. After the target display, auditory and visual performance feedback was provided. After a practice block of 24 trials, each participant performed 3 blocks of 48 trials each. Each block consisted of 16 trials for each flanker-target condition: incongruent (the central target fish pointed to the side opposite to the flanker fish), congruent (all of the fish pointed to the same side), and neutral (single fish). In each block there were 12 trials for each warning cue condition. Warning cue and flanker conditions were crossed in a factorial array, so that for each block there were 4 trials for each cue-flanker experimental condition.
The angle of the target array subtended w8.848 (1.68 each fish, with a gap of 0.28) and was displayed 18 above or below the fixation cross, until the participant response or up to a maximum of 1700 ms. The warning cue (0.38) was displayed for 80 ms and started 400 ms before the target onset. The complete task takes w25 min. Participants were asked to maintain their fixation on the cross in the center of the screen throughout the task, to pay attention to the central fish, and to respond as quickly and accurately as possible. Efficiency scores were computed both for reaction times and error percentages for each participant, subtracting congruent from incongruent scores (hereafter, conflict score), subtracting central cue from spatial cue scores (hereafter, orienting score), and subtracting no cue from double cue scores (hereafter, alerting score). 
Electroencephalography acquisition and analysis
The electroencephalography was conducted by using a 64-channel Active Two BioSemi EEG recording system (BioSemi; Amsterdam, Holland.) using a sampling rate of 1024 Hz and a 100-Hz low-pass filter. Details with regard to the online BioSemi reference method can be found at http://www.biosemi.com/faq/ cms&drl.htm. The raw electroencephalographic data were 0.5-to 25-Hz band-pass filtered, down-sampled to 256 Hz, and re-referenced to average. After a visual inspection aimed at detecting bad channels (4.7% on average), spherical splines were used to correct them. Segments from 2200 to +800 ms post-target were extracted. Epochs for correct trials with maximum amplitudes within the 2100-to +100-mV range were used to compute Second Order Blind Identification Independent Component Analysis (SOBI ICA) (54, 55) and then submitted to the AD-JUST procedure (56) to automatically remove eye artifacts.
ERPs were obtained by averaging epochs for the 3 flanker conditions-congruent, incongruent, and neutral-and the 4 warning cue conditions: no cue, spatial, double cue, and center cue. The conflict network efficiency waveforms were computed by subtracting congruent from incongruent ERPs. Orienting network scores were obtained by subtracting the spatial condition from the double warning cue condition. The alerting network scores were obtained by subtracting the central cue and no cue conditions. ERP analysis was performed in a 3-step procedure. First, we used a mass-univariate approach (5000 random samples), a procedure that protects against the multiple-comparison problem (57) , combined with classical ANOVA to uncover the potential effects of early supplementation on brain electrophysiologic indexes and to determine the time windows at which these effects appear.
Standardized low-resolution brain electromagnetic tomography (sLORETA) (58) was used to estimate the brain areas that are potentially responsible for the observed scalp event-related potential effects. This software reports Montreal Neurological Institute (MNI) coordinates. sLORETA images represent the electrical activity at each voxel as the squared standardized magnitude of the estimated current density. We focused on the 200-550 ms post-target intervals because differences in amplitudes in this time window between congruent and incongruent conditions have been associated with brain attentive functions (59) (60) (61) (62) (63) (64) . sLORETA estimation of brain activities in the time interval of interest were also submitted to a mass-univariate t test (5000 random samples) to ascertain what brain areas can account for the observed ERP differences between groups. Note that mass-univariate analysis controls for the multiple-comparison problems by using the empirical distribution of the t-max statistic (57) . Statistical analyses (ANOVA, t test, and linear correlations) of behavioral and biochemical data were conducted by using SPSS for Windows (version 17, 2008; SPSS Inc.).
RESULTS
In all of the statistical analyses reported here a significance threshold of P , 0.05 was used. We considered as suggestive when the significance of the tests was 0.10 . P . 0.05. The multiplecomparison problem was controlled for by using Bonferroni methods (to set up the family-wise P , 0.05) or the t-max statistic (for the ERP and sLORETA data) with a family-wise P value of 0.05. The t-max is based on the empirical distribution of the t-scores obtained in a set of comparisons after a number of random permutations (5000) are performed.
Behavioral results
Median reaction times (in ms) for correct responses and error percentages were obtained for each flanker and warning cue condition. The efficiency scores for each attention network were then computed by subtracting reaction times: congruent from incongruent trials (conflict score), double cue from no cue (alerting score), and spatial from central cue (orienting score). Six children who had ,50% of correct responses on the incongruent condition were excluded from the analysis. The final numbers of children (n = 130) for each group were as follows: 37 (FO), 27 (5-MTHF), 32 (placebo), and 34 (FO+5-MTHF). Logarithmic transformation was used to improve normality fitting.
Conflict network
Log-transformed averages of median reaction times for correct responses (Table 2, Figure 1 ) were submitted to a 2 (FO, between-subjects) 3 2 (5-MTHF, between-subjects) 3 3 (withinsubjects flanker condition: congruent, incongruent, neutral) repeated-measures ANCOVA (controlled for age in months, sex, family status, and laterality). The Greenhouse-Geisser correction was used to control the sphericity assumption.
We observed a significant effect of the interaction of flanker, FO, and 5-MTHF [F(2,244) = 5.04, P , 0.01]. Simple-effects analysis of this interaction showed that conflict scores were lower for the 5-MTHF than for the placebo and the FO+5-MTHF groups (all P , 0.05) but similar to those of the FO group (P = 0.24). There were no other significant differences (data not shown).
With regard to response error percentages (Table 3) , the analysis showed only main effects of flank [F(2,244) = 32.53, P , 0.01]. No other effects were significant (all F , 1). After Bonferroni correction, error percentages were larger for the incongruent than for the congruent or neutral flankers (P , 0.01; data not shown) and for the neutral than for the congruent flanker (P , 0.01; data not shown).
Alerting and orienting networks
Log-transformed averages of median reaction times for correct responses (Table 2, Figure 2 ) were submitted to a 2 (FO, betweensubjects) 3 2 (5-MTHF, between-subjects) 3 4 (within-subjects cue condition: spatial, center, double cue, no cue) repeatedmeasures ANCOVA (controlled for age in months, sex, family status, and laterality).
We observed significant main effects of cue [F(3,378) = 77.12, P , 0.001]. The interaction of FO and 5-MTHF [F(1,122) = 4.91, P = 0.03] as well as the interaction of FO, 5-MTHF, and cue condition [F(3,366) = 2.99, P , 0.04] were significant. Thus, alerting and orienting scores were submitted to 2 (FO) 3 2 (5-MTHF) ANCOVA (controlled for age in months, sex, family status, and laterality). Neither main nor interaction effects were observed for the orienting scores [all F(1,122) ,1]. However, the interaction of FO and 5-MTHF was significant for reaction-time alerting score [F(1,122) = 5.28, P , 0.03]. Simple-effects analysis of this interaction indicated that alerting scores for FO and 5-MTHF groups were lower than for the FO+5-MTHF group (both P , 0.04). The same analysis for response errors (Table 3) 
Electroencephalography results
Only 117 (FO, n = 30; 5-MTHF, n = 23; placebo, n = 30; FO +5-MTHF, n = 34) of 136 participants with at least 25 artifactfree epochs per flanker condition were used for the remaining analysis. The mass-univariate t test yielded significant differences for the comparison between 5-MTHF and placebo groups only for the conflict network ERP efficiency scores in the 270-290 ms post-target at 3 left-hemisphere channels: F5, F3, and FC5. These efficiency scores at this interval for these electrodes were then submitted to a 2 (FO, between-subjects) 3 2 (5-MTHF, between-subjects) 3 3 (channels: F5, F3, FC5) repeatedmeasures ANCOVA (controlled for age in months, sex, family status, and laterality).
We observed significant main effects of channel [F(2,226) = 3.82, P , 0.03]. The interaction between FO and 5-MTHF was also significant [F(1,113) = 9.31, P , 0.01]. The detailed analysis of this interaction indicated that the 5-MTHF group significantly outscored the placebo (P = 0.002) and FO+5-MTHF (P , 0.02) groups, and there was a trend toward significance with the FO group (P = 0.06) (Figure 3) . The FO group did not significantly differ from the placebo (P = 0.09) or FO+5-MTHF (P . 0.32) groups. No differences were observed between placebo and FO+5-MTHF groups (P . 0.59). Importantly, these effects held even when AA:DHA and plasma folate were used as confounders.
sLORETA estimations of brain current densities at the time windows of interest (200-550 ms post-target onset) for each condition and group were also submitted to mass-univariate t test. Results yielded 2 clusters of voxels that discriminated between 5-MTHF and placebo groups, one in the right inferior parietal lobe (BA40, peak MNI coordinates: 55, 240, 40) at 313-329 ms post-target and another located in the right cingulate gyrus (BA24, peak at MNI coordinates: 5, 25, 50) at 395-423 ms post-target (Table 4, Figure 4A ). 
Biochemical results
Fatty acid, folate, and homocysteine results for the 4 collection times (20 and 30 wk of pregnancy, delivery, and umbilical cord) are shown in Supplemental Table 1 . Mothers had the same Values are the group average of the participant median reaction times 6 SDs. Statistical analysis was performed by using ANCOVA with FO and 5-MTHF as between-subject factors and flankers or cues as within-subject factors. The covariates were age, sex, socioeconomic status, and laterality. P values indicate differences between groups for the executive (interference), alerting (alertness), and orienting scores. P values for global speed refer to between-group differences; the remaining P values refer to the interaction analysis. "Interference" indicates the difference between incongruent and congruent trials. "Orienting" indicates the differences between center and spatial cues. "Alertness" indicates the difference between no cue and double cue. FO, fish oil; 5-MTHF, 5-methyltetrahydrofolate. concentrations of fatty acids and homocysteine at study entry (week 20; all P . 0.05). However, there was an initially higher concentration of plasma folate for the FO-supplemented group (P = 0.03). FO-supplemented mothers showed increased concentrations of fatty acids at 30 wk of pregnancy and at delivery, especially n-3 fatty acids, in comparison with the 5-MTHFsupplemented and placebo groups from week 30 of pregnancy (all P , 0.05, except for AA, n-6:n-3 ratio, and PUFAs .n-6; P . 0.05). We did not observe increased concentrations in children's umbilical cords (P . 0.05). 5-MTHF-supplemented groups showed increased concentrations of whole-blood folate from week 30 of pregnancy, including the umbilical cord measure (all P , 0.05). Plasma folate was significantly higher for the supplemented groups only at delivery (P , 0.05) (Supplemental Table 2 ).
Associations between performance scores and biochemical values Table 5 shows the significant linear correlations between biological measures of fatty acids, folate, and homocysteine with overall measures of children's processing speed and performance accuracy for the attentional networks of conflict (errors and ERP efficiency scores) and alerting (reaction time). Overall speed was negatively related to AA:DHA during pregnancy (20 and 30 wk). From umbilical cord measures, several fatty acids measures (i.e., AA, DHA, n-3 PUFAs, and PUFAs .n-3) were also positively related to overall speed. In addition, n-6:n-3 during pregnancy (20 and 30 wk) and delivery was also positively related to overall speed. Total homocysteine at study entry and delivery was also positively related to this performance measure.
We observe significant associations of biochemical measures with reaction-time conflict scores. With regard to errors, at delivery fatty acid measures were negatively (EPA) and positively (AA:DHA and n-6 PUFAs) associated with the response errors measure of conflict solution. The ERP conflict score was positively associated with a fatty acid measure (AA:DHA) at week 20, at delivery, and in the umbilical cord and with umbilical cord plasma folate. In addition, umbilical cord plasma folate was significantly associated with the averaged conflict scores for BA24 cluster (r = 0.25, P , 0.01) at the time window of interest (200-550 ms post-target onset). Differential activation of the BA40 cluster was related to a fatty acid measure (EPA) at delivery (r = 20.23, P , 0.05).
Reaction-time alerting score was positively related to fatty acid measures at 30 wk of pregnancy (AA:DHA) and at delivery (PUFAs .n-6). We did not observed significant associations of biochemical measures with errors for the alerting network.
DISCUSSION
In the present RCT, we aimed to identify the potential effects of prenatal supplementation (fatty acids and/or folate) on the Values are group averages 6 SDs. Statistical analysis was performed by using ANCOVA with FO and 5-MTHF as between-subject factors and flankers or cues as within-subject factors. The covariates were age, sex, socioeconomic status, and laterality. P values indicate differences between groups for the executive (interference), alerting (alertness), and orienting scores. P values for global speed refer to between-group differences; the remaining P values refer to the interaction analysis. "Interference" indicates the difference between incongruent and congruent trials. "Orienting" indicates the differences between center and spatial cues. "Alertness" indicates the difference between no cue and double cue. FO, fish oil; 5-MTHF, 5-methyltetrahydrofolate.
FIGURE 2 Reaction-time alerting scores for the children born to supplemented mothers. Scores are presented as a function of the 4 supplemented groups (fish oil, n = 37; 5-MTHF, n = 27; placebo, n = 32; 5-MTHF+fish oil, n = 34). Values are averages of medians 6 SEMs. *Significant comparison based on ANOVA followed by Bonferroni-corrected t test, P = 0.04. RT, reaction time; 5-MTHF, 5-methyltetrahydrofolate.
long-term development of the attention system of the offspring compared with a placebo control group. We observed 2 important results: first, as expected, depending on the type of supplementation during pregnancy, increased concentrations of fatty acids or folate were observed in our study sample (Supplemental Tables 1 and 2) ; second, we observed long-term effects of this early maternal intervention on the attention system of the offspring. We observed behavioral and brain activity effects of this supplementation (especially of 5-MTHF) on the executive and, to a lesser degree, alerting attention networks. Taking into account that the time gap between nutritional supplementation and the attention test was w8.5 y, our results show a causal relation between early maternal nutrition and offspring's long-term brain development. Importantly, these effects take place during a critical period for the maturation process of the executive functions (65) .
Executive attention
With regard to behavioral measures, we found that the efficiency index of the executive network (the conflict score) was lower (better) in children born to mothers supplemented with 5-MTHF alone; these children performed better than those born to mothers from the placebo and FO+5-MTHF groups. Moreover, ERP analysis indicated that in a set of left-frontal-hemisphere channels, ERP efficiency scores were higher at 270-290 ms posttarget in children born to 5-MTHF-supplemented mothers than in those in the other groups. This time window is commonly thought to be when conflict monitoring and suppression of irrelevant behavior takes place, and is interpreted as a neural index of executive function in children (66, 67) . Brain current source density estimations indicated that there are differences in the activation of a cluster of voxels located in the right midfrontal cortex (including the dorsal cingulate, BA24 area). These areas have been suggested to be involved in the general control of behavior (68) and in differences in conflict monitoring as a function of developmental trajectories (69) . Furthermore, the incongruent-congruent differences in the estimated activation of this brain area, and in scalp voltages, are positively related to umbilical cord plasma folate concentrations but not with fatty acid plasma phospholipid concentrations. In addition, although we did not find different prevalences of the MTHFR C677T polymorphism, this MTHFR variation produces similar outcomes because low folate intake seems to be responsible for the dysfunction of the response-monitoring function of the dorsal cingulate (70) , the extent of which depends on allele load (71) . Moreover, high serum concentrations of homocysteine have been linked to reduced gray matter volumes in the anterior cingulate and midcingulate cortex, among other brain areas, in rhesus monkeys (72) . These results suggest that prenatal folate supplementation can improve the function of brain areas involved in executive control of behavior, perhaps by preventing prefrontal dopamine deficiency commonly observed in executive function pathologies (73) .
Children born to mothers supplemented with FO also showed a small conflict-resolution advantage (FO group had scores between the 5-MTHF and the placebo and FO+5-MTHF groups). Although we expected executive function advantages for this group, recent systematic reviews and a meta-analysis of RCTs indicated that there is no clear evidence of the long-term effect of LC-PUFA supplementation during pregnancy on cognitive development (6, 74) . Similarly, several RCT results failed to show long-term advantages in response-conflict tasks in 1) children born to lactating mothers supplemented with FO (75) or 2) children supplemented for several weeks before cognitive testing (76, 77) . Thus, it seems that increasing FO intake during pregnancy will not necessarily have a long-term effect on executive functions in the offspring. More studies are needed to disentangle the real effect of FO on the frontal network involved in executive functions.
We also observed a reduction in executive function advantage of early 5-MTHF supplementation when supplied together with FO (our FO+5-MTHF condition did not differ from placebo in any of the measures but did differ from the 5-MTHF-alone condition). To the best of our knowledge, there is no single study that used this same manipulation, so the apparently contradictory results reported here, especially with regard to the FO+5-MTHF group, must be interpreted cautiously and need further research. A possible mechanism for this interaction relies on metabolic alterations (78) . We observed that plasma folate at 30 wk of pregnancy was 1.5 times higher in the FO+5-MTHF group than in the 5-MTHF group. Taking into account that plasma folate is significantly related to conflict-resolution scores, it is plausible to suggest that the beneficial effects of folate on executive function brain areas might be dose dependent. This agrees with the results from other recent studies that showed a dose-response relation between plasma folate concentration and the risk of emotional problems at age 6 y in the children of folate-deficient mothers (79) .
Different studies have shown a clear relation between folic acid, vitamin B-12, and LC-PUFAs; in fact, a synergistic mechanism has been suggested (80, 81) . However, this possibility does not fully explain the similar increase in maternal DHA concentrations observed in our mothers supplemented with FO or with FO together with 5-MTHF or the different long-term attention effects. The interaction between FO and 5-MTHF supplementation may therefore have had a different effect with regard to the attention system evaluated here.
Alerting network
Children born to mothers supplemented with FO or 5-MTHF did not seem to take advantage of the information provided by the warning cue about when the target would be displayed-that is, their readiness to respond seems to be lower than that of the placebo and the FO+5-MTHF groups. These results are in agreement with the proposed inhibitory relation between the conflict and the alerting networks (66, 82) . Given the brain areas involved in the alerting network (subcortical structures such as the locus coeruleus plus the parietal and prefrontal areas and the crucial involvement of norepinephrine release in phasic alertness), it is worth suggesting that a potential effect of these 2 supplements might rely on the reduction in norepinephrine concentration. Similarly, Hamazaki et al. (83) in an RCT study observed that even small doses of EPA plus DHA supplementation significantly reduced plasma concentrations of norepinephrine compared with the control group. On the other hand, the reduced alerting scores for the 5-MTHF-supplemented group might be related to an enhanced concentration of norepinephrine. The effects of norepinephrine on the cerebral cortex are concentration-dependent (84) , so that high firing rates of the locus coeruleus (the brain source of norepinephrine) impairs memory performance (85, 86) and the alerting system (87, 88) .
Despite the high attrition in our study, we were able to detect a difference in the reaction-time conflict score (36 ms) in executive attention (statistical power of 80%). Moreover, this is the first study to our knowledge that used this type of analysis in relation to nutrition in 130 children. We consider the power of the study to be high enough to detect electrophysiologically relevant differences between groups. There was only one trend observed in some of the results obtained by the electroencephalography, which probably would be signficant with a larger sample size; however, in general, we do not think that a larger sample size would have led to significant differences in the majority of the attention systems studied.
With regard to the correlation analysis with the biochemical variables, in the present article we attempted to address the data found with this "exploratory" analysis, which data we considered to be interesting, and so we decided not to correct for the multiple-comparisons problem. Of course these results should be confirmed with further studies and a larger sample size.
Conclusions
In summary, our study showed that 5-MTHF supplementation during pregnancy, rather than FO alone or the combination of FO and 5-MTHF, improves children's ability to solve conflicts-that is, their executive function-but tenda to reduce their readiness to respond to an incoming target. This conflict-resolution advantage seems to be based on the activation of the cingulate cortex, a core area in the executive network, whose activity appears to be dependent on plasma folate concentrations during pregnancy. Further research should be conducted to improve the knowledge on this matter as well as the direct influence of early Only variables showing at least one significant association are listed. AA, DHA, EPA, PUFAs, and n-6 and n-3 fatty acids were measured in plasma phospholipids. *P , 0.05, **P , 0.01. Behavioral measures, n = 130; ERP efficiency, n = 117. ERP, event-related potential differences in average scalp amplitudes; AA, arachidonic acid; RT, reaction time; tHcy, total homocysteine. folic acid and FO supplementation on cingulate cortex function and the optimal doses at different stages.
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